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I. GENERAL DISCUSSION

During the past thirty years, a growing dissatisfaction with

microeconomic theory combined with hn interest in and a need for

understanding decision fnaking in the firm and In other aspects of

economic life hae produced several apparently distinct sthools of

thought.

The pure economic theorist and matherA&tieal economist may

be contrasted with the plapners and practising consultants and the

new breed of behavioral scientists doncerued with the explicit introo

duction of psychological and sociological variables Into their models

of economic man. The difference is most marked in the treatment

and the discussion of the relevance of new versus old variables, but

beylLn4 thise, all have become acutely aware of the stringent lirnitao

tions en the use of simple models of "rational man".

Ii all aewly developing areas of substantive knowledge there

Is always a Gclsh between the analytical and the synthetical appioaeh.

The farerwvint seciat scientist seartiiiag and conjectuling with little

formal valliattor# of hiS C*nlectarso eariving to devise methods to

portray the gestalt a his subjec* is eftei c.Sstrasted with the analyst

concerned with details, well-defined axioms, painstaking validation,

and manipulation of closed and consistent formal models. Along with

this contrast goes the belief that the mnore "conversational" of the

behavioral scientists are necessarily less scientific than their matrix-

inverting bretheren. This type of attitude is particularly true of
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engineers, physicists, mathematicians addressing problems in the

behavioral sciences for the first time.

This brief paper is directed towards pointing out the dangers

in allowing a false contrast to obscure the need for concerted verbal

and mathematical or other formal approaches to the study of decision-

making. At this juncture in our knowledge, it becomes highly impor-

tant to blend institutional knowledge and mathematical ability-to

ttilize and formalize the uncommon, common sense of the practitioner

and expert. Given the current state of our knowledge, for many good

reasons, there to no one successful general theory of decision-making.

The austere and elegant structure of parts of economic theory, sta-

tistics, game theory, learning theory and other parts of psychology

is good and valuable in as far as it goes; however, in ceunparison to

the structure of many branches of physics. it does not go very far.

Both the rnethods fer observation und the application of mathematical

metodlolQgy are in their early stages at this time. The developments

ef etotiomice an4 other beha'viocal seterces are important to laylag

the foundations fee the sevetal theories of decision-making which may

at *eOne later date. aftet they' have proved successful, be combined

into a mnore general theory.

A tree diagram given below serves to characterize some of the

major considerations in describing the individual decision maker.
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They involve assumptions about the environment, the goals, the

nature of coimpetition, the span tbf time oves which decisions are to

Sbe made and the intell•gen~e, .tionality am4 otheq socio-psychological

features of the individual.

M8st *oe"mtC theories d decision making regard errots ti

compvtatten.n blunders due to rmipetceptieu or other erratic 'behavior

ae mine# details to be aeeo~uted #or in mcdUicatieon ef & theeey

based em horno oeeonomieus. • military peblems, bowevoe. we

sseelwt diognist the actions of the oreoe or tLe madman with oncls ease.

Trurthemeres the socielogtols. anthropelegiste and psychiatrists

have pointed oat that an apparently eiandard e0rational" eceonomic

oerrn In see eocietyn may be gives a ceuopletely difereen tatlerptets.

tios elsewhere The American elftIleacy expert enterlag am English

or a Japanese lactory mill find himself eostfeonted with a hostl d prob-

ele.i not relevnt to "ratiornal" deetsioa-rnamang at home.

JML thts qskit, as a @q,4de approximatton, we talke the seilal azA

posych.egfeal aepects of the indivkaJ4 so iSten.
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but of known length

dullypoorly or vaguely
de~v#$1Ib&4known: no objective

p obabilities

described ful~ly,
but statistically

thetuatuatio

analyt0all

solvable

naueo



I

The very crude set of trichotomies presented above provides 3

categories which are, for the most part, signif' antly different and

are relevant to various facets of human affairs.

Harking back to our concern with microeconomit theoqy.

whete Is our utilitarian snas RIe is to be found In categories

(,1. 1,. 1) or (2, 1, 1.1, 1 where the first number refers to the first,

second, or third branch of the tree, and se forth. Thus, the first

array refers to the individual who knows his environment. has one

choirc to make, knews what he wants, is not involved with 9thers in

his choice, and gages a problem that he can solve In the time available.

tIo I* |s 1• 2 represents the Sype of situation in whicb techniques

such &s linsea pregratuuing haeve been eaccessful. If you happen to

face a moderate sired travelling bs&esmarn p~blem sad know what the

*olution to worthl• t belengs here.

If the travelling salesman proeim te made too largeo or if

we are confronted with choeeo Fe coone to it, 1. 3• whefe our cur-

rent state 4W th, *el calls foo "heurtsticst or high-class vulesooi-

thumb.

Quality control, some of the simpler pooblerms in inventory

control and sequential decision making have been successfully dealt

with in (2, 2, 1, 1, 2).

Weapons evaluation and some relatively simple tactical
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problems have been dealt with by two-persone ;eqo-sum game theory,

best characterized in (1, 2, t, Z, Z).

Unfortunately. many of the basic problems, of atonuic corn.

petitir, entittary. diplomatic or political affairs and |ideeilife .

general belong to categories sue% as (3. . 3, 3. 31 at 13, $. 9. 3, 3). f

to equally foolish to belittle oue aehievenents in handling a few of Ow

simpler categories as it is to pueteei4 that silew~p. todifteatioae 4M

eurr-nt theory will euffte to deal ovith the o0er sitaatioaoe

Faced with the gomplexIttes encOwhte~ed ti M attemrpt to studp

derGitonsproceesee. we may adopt a bhavorisflle or a agesnative

approaeh. We may eorwentratoe or.b Satrg to describe thow individuals

behave ot may addess eoureelves to the problem of advlsifsg therm

hew they should behave. Even with ite eideoetepptng of the ethical

problems coneerniag noritatisr t•begise, we are still confronte with

many difficulties in desesiptise an4 preseriotion VA44 illustrate thM4

the distaftee fbetween a behavigea2 appovoch and a oormaAlve ose is %y

no meant as far as It may seem to Ve.

An tmpoitant exanmp4e illusleatieg the difficulles, of formula-

tioft of theory ift the early stages in the development of a body of

knowledge is provided by the various so-called theories for the solution

to an n-person non-constant sum game. There is no single dominant

theory which is accepted either as a normative proposition instructing
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I
I individuals how they should play, nor is there one aeepted theory

based on the description of how individuals do play. Under varying

circumstances, a case may be mnade out for the von Neumann-

Morgenstern stable sets li t]t Shap1ey val4e 2/; the Harpanyj value 3/;

the Nash non-cooperative equiltbriurm solution 4/; the A~mam-

Maschlet bargaining sets 5/. the "kestoAkeeaveyge" solution or many

others.

A certain amount of expeoimenta4 evidence exists #or several

of the solutions. For instance, the 24*h SMeceopelfative equilibrium

solution appears to serve as a 4*tr predigtor in some experiments in

which there is no face-to-fage sommunt•a•ln between the players 6/.

Other experiments have shown t&ht w4er It~ appepriate circum-

stances, the Shapley value 7/ pro•4es peedictigns, and that in certain

simple situations the outcomes of b&againiag processes lie in the

Aumann-Maschle7 bargaining sets.

Where do these various the.Otieo of solutioR to games come

from? Are they behavioristic or eorfnative? Why are they unsatis-

factory? Writers of theory do not start with a Itaboula rasa; some have

had experience as practitioners, others have watched the processes

of their interest for many years prior to the development of the theories;

still others, without explicit knowledge of the processes discussed in

their theories bring to their assumptions a host of implicitly absorbed
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observations and conditioned experiences. Thus, when we examine

even the apparently most simon pure assumptions or axioms upon

which a solutiQ*Goncept may be based; whether it is in reference to

a bargaining proeess. AL, bbitratiou scheme or an individual grap-

Jling with Itncertainty, the antiseptic appearance of the mathematical

*xioms 'elies the vast algay of Iwrplicit assumptions concerning how

!&divi4ua&. do and seld bqelv.

For example. the mothe*a#cal-economic models of maximiz-

IAS a|litsegao #^an may fornrUy refloet Marshall's theory of the firm

&a indusLty. 9Aathefti4ally they See neat and not very complex; and

wo •e dted movete &g ftaObema~ieal abstractions they hide the rich-

PA** of the obseetatjow., tommentaries and qualifications with which

M9.tiall aGQOtnpafted *heft. MLs rgnmments provided the justification

ote nsing tA#e sbettauA. to study the processes of the politico-socio-

economy in whih Ike dwelt. The generality of an unqualified mathe-

matisation od S4.qshaU's theory is misleading in the extreme.

The theofy ot games wao singled out above, to provide

eeamnples of the difficulty in Aeory building. We equally as well could

have seleited subjective probability; or "satisficing" or aspiration, or

learning. ow organization. In all of these, the assumptions, the

axioms, observations, theories and so-called theories offer a blend

of normative and behavioristic rules; tn some situations the distinction
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between the normative and behavioristic theories is clear-cut. For

example when an individual is confronted with a known set of out-

comes for which he has specific values we may say (tautologically)

that he should select the alternative which leads to Ih* outcome with

greatest value. WVe may thben, as in the case of linear programming,

supply an algorithm to select the appropriate alternative. In the same

pttuation, we may still slew l'pevtmentallp that the iadividual has

*perific values fo; 6utcome6. ilW our observationo of behavior show

tIat he daes not seleft the besl alternatives. In various suggested

theories of arbitration, the distinstion betwgerb normative and des.

criptive is not so clear. Is the axiom of symmetry based upon a belief

that people shouI4 fMllow it, or is it based upon observations, cultural

training or folklore that this go odhal is accepted in a given society?

2. SOME RTWI&ES FOI BIWAVIOR

Xconomic man tells us how to act in simple situations where

we know what we want and can calculate how to get it. If we are in

conflict or doubt, he is of little use. If there is a conflict involving

pure opposition between individuals who know what they want, the

theory for the solution to two-person zero-sum games provides a

persuasive recommendation in maximim behavior. However, even

for a game as simple as chess, the theory does not tell the individual
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how to make his moves.

When the environment is unknown, there have been many euge

gestions as to how the individuai should account for uncertainty.

Milnor has presented an excellent #*mrpRary a•i atialysis of the

Oxiefn system s underlying sevesli ways in whigh uncertainty may be

taken into account 8/. ene• f them are efeel, satisfaitory as

nolmative prescriptione inasipi" As examptes saft be constructe4

which are pot Wesolved Ir the Aliff egiht *ne~hods 0s a manner that

coincides with intuition or observation. Ralfa and Schlaifer 9/ in

their development of a deCSsion theory hawe str.psed the importance

of the use of subjective probabiltty as a way feo utiizing the undef-

standing and knowledge tf th. expert the actual decision-maker

steeped in the details and special perceptions Q4 his art.

We have already n6ted that who* the environment involves

explicit interaction with othe@ hi6mase oi bewuan agencies, there

exists a host of solution concept. fotr -p-egson games, nonie of whicI4

is entirely satisfactory either as noonrallw presgsiption Or behaviorat

description. Whe%4ack of tnowledge cori4orning the environment,

combined with inability to calculate the consequences of all but a few

simple courses of action is added to the decision problem, our

"theories" are in even poorer condition. The broad area of artificial

intelligence 10/ is addressed to providing algorithms to deal with
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decision processes where exhaustive exploration of alternatives is

net possible and where no analytical ratho4s aee k<awrN

An intermix of wotb with computers, psychotogye ofallstIss,

aad otheo disgiptlines has */ielded sevotal euggestie&s and ssesvotions

$of decision-making. fifoR aL # iWs aso*eeates at Catnegie Sieve

attempte4 to deline a sa~uf~eieg own111I. AS organizatio of 10atdse

tking indifriduals" 4splajs an alaptively fatkmal behavior ctiaqacter-

4zed by proeesses for:

I&) The quapi-tefSlutio, of @nflilS

(21 16eifnaIn4y avoidanee

(3) Poobletpistie search

(4) Organizatienal le&piint.

For exampte, 1he Itm to Yegarded 4s &n w~ganizatio, with

several decision centers4 its goals ate influenced by experience

which modifies the aspiration Sevej* of its "*mq#os. The firm

attempts 4o avoid uncertainty; tience. there it an emnphasis an short

term correction plans to deal with she Immediate future and short run

feedback, rather than long run anticipation. Plans, standard operating

procedures and traditioa *e a14 used as mechanism's to dampen the

degree of uncertainty. Stress is Laid on the proposition that the natu-

ral language to discuss adaptive behavioi Is in terms of programming.

There has been a moderate success in simulating the behavior
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of middle and lower middle management.

Although uncertainty avoiange ;s suggested as a natural part

6 oqwgaaiza6*nal %ehqviqe &be** ate §wo very diftereat and Idtghly

Me@ralate4, typte of %certa|tt., An !ndi'44sal #nay be urcertain

about QA esteetne ol a% actien and abl be uncertain about the vale

a an atconrt, Mv~alor delfsionl Ote oftea &ot wnatgia4l decisions.

A po*esident *f 6 large mining goTIpany recently speaking to a group of

plreessors .socerne4 with wanagenitnt science Comrmebtted that there

was a ftle irs VWag Whig% tuggeeled that ui peoperty which could ftot

show * prefit4 evep wi* n4smrngtetwent, should be worked. U an

ItveOtmerA is io doubt, there is the choice between performing a

more carefub ralculation o; offering 't buy the isvestment for less

than is beiag asked In the s4oroi case, lanewtainty of outcome is

iaee•sed and uncertainty of valuation is decreased. An offer of a

lower pliee may increase the possibility that th* sellee will refuse to

sell the isvestment; buying at a lower price ttcreases the chance that

it will be a good investment eegordles* of the vagaries of the market.

A simple analogy is provided by a firm with limited capacity

being confronted with more potential jobs than it can handle. If there

are n jobs and the probability of obtaining the ith job depends upon

Pi. then if the firm has a capacity of k less than n, its optimal policy

will be to make its prices sufficiently high that it loses an appropriate
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number of jobs.

Siegal lZ/ and others have suggested an "aspiration level"

approach to decision-making. The level of aspiration is originally

defined and measured in much the same way as von Neumann-

Morgenstern utility. However, over the course of time, individuals

are regarded as lowering or increasing their sights. Successive

failures lower the aspiration level, success raises it. The behavior

of Robert Bruce, Dick Whittington and others who follow the rule of

fortiter in adversitas does not fit into the aspiration model.

Festinger 13/ has performed experiments to prove the value

of his concept of "cognative dissonance". According to this view,

further off fields are not greener and grapes out of reach are indeed

more sour than grapes which can be plucked. These observations

suggest that individuals in order to reach a decision and justify it to

themselves change their values to conform to the possibilities.

"Come the Revolution, we will all have strawberries and cream for

breakfast, and everyone will like it".

In summary we note that:

Economic man knows his choices, values, and the outcomes;

he selects from his known world.

Economic-Decision theory man removes his uncertainties by

introducing subjective probabilities into his rational calculations.
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Aspiring man moves with the flow of affairs. If he is suc-

cessful, he wants more; if he fails, he wants less.

Festinger's man conforms more to the type of individual con-

fronted on every other page of Alice-in-Wonderland. He changes his

values in order to justify his decision.

The investing man changes the odds on the prospects with

which he is confronted in order to both clarify their worth and cut

dows on the amount of decision-making required.

Inr my opinion. the time for synthesis of decision theories is

not yet with us. Many of the normative and behavioristic schemes

are of wotth I•a a limited context. However, for more detailed formu-

lation, testing and experimentation is needed. Our theories may aid

in some economic and military situations. But even so, except as

aids to clear thought on subjects such as negotiations and threats

during negotiations, little other value has been derived.

As a final example, a simple unsolved problem is posed. It

is unsolved in the sense that there are several normative decision

criteria which have been suggested as well as several behavioristic

ones. It is possible to obtain virtually any outcome as a point which

satisfies some of the theories.

The example is the prisoners' dilemma game iterated indefi-

nately with a discount rate included. Suppose two players play the
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following game every period:

1 2

1 10,10 -10,15

2 15,-10 0.0

In the one-period game, considerations of individual rational-

ity call for them to play (2, 2) and obtain (0, 0). If the game has no

definite end, and there is a discount rate p, then the long run payoff

to player i is:

00Ti, = t E p Tli
0 t -- t,

If either player were to use a "threaV-t-strategy such as:

"Play 1 as long as I is observed; if ever 2 is observed, play 2 from

then on. " This would make (1, 1) an equilibrium point. Is it reason-

able, however, to believe that for a one period departure from grace,

one individual will punish another from that point on at great cost to

himself? Formally, there are many extensive form strategies con-

taining threats which apparently enable almost any outcome to be

enforced in an equilibriu. In a broad sense, they are not all equally

plausible.

&
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The normative suggestion that the players should maximize

jointly has them playing (1, 1); the naive extension of the non-

cooperative equilibrium concept to games of indefinite length turns

almost anything into an equilibrium point. The theory we need, we

do not have yet. It must take into account both the players' innate

desires to cooperate and the intelligence, perceptions, and other

abilities in communicating with each other and inferring from each

otherst behavior.
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